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ABSTRACT 

Occurrence of p lane tary  systems i n  t h e  universe  
is d iscussed  i n  l i g h t  of what has been learned  from a 
s tudy  of s t e l l a r  r o t a t i o n .  I t  has been found t h a t  
p l ane ta ry  systems a r e  expected t o  be a s soc ia t ed  wi th  
m o s t  main-sequence s t a r s .  However, the  Jovian-l ike 
p l ane t s  around t h e  ear ly- type s t a r s  may not be a s  

, , \  

a r e  l i k e l y  loca ted  beyond 10 A.U. from t h e  c e n t r a l  
s t a r .  A l s o ,  t h e  mass and t h e  size of our  own p lane ta ry  , 

system appear t o  be normal among those  a s soc ia t ed  wi th  
so l a r - type  s t a r s .  

massive a s  J u p i t e r  and t h e i r  t e r r e s t r i a l - l i k e  p l a n e t s  
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The only planetary sys tem that w e  have observed is 
o u r  own solar system. Consequently, it is highly specula t  
t o  t a lk  about planetary sys tems i n  general  as t h e  present  
author tris to  do i n  t h i s  paper. However, i f  w e  are 
i n t e r e s t e d  i n  l i f e  outs ide  the  s o l a r  system, perhaps the  
na ture  and frequentzy occurrence of planetary systems in 
space is one of the  most important problems fac ing  those 
who are t a l k i n g  about i n t e r s t e l l a r  communicationsl\/ A p a r t  
from t h i s  considerat ion the exis tence of planetary systems 
other than our own is itself a f a sc ina t ing  sub jec t  whose 
i n t e r e s t  is not  l imited to the astronomer alone. 

. 

I 

In t he  p a s t  when we talked about t h e  poss ib le  population 
of plane tary  sys tems i n  space, w e  usual ly  l inked them w i t  
populat ion of binary systems, because they  share the commo 
property.  of possessing large angular m o m e n t u m w  Such a 
l inkage  between planetary systems and binary systems over- 
looks however t h e  important fact  t h a t  p l ane t s  i n  our own 
plane tary  sys tem are revolving around t h e  sun in near ly  
CAA-UUACU '-----'-- -hi+s -- -_ w h i l e  the eccentricities of binary orbi ts  
can vary from 0 t o  near ly  one, a fact which hasl r e c e n t l y  

. emphas$ed by K u m a r w  For t h i s  reason the p lane ts  tha t  
e a '  Brown has discussed r ecen t ly  are not bona f i d e  p l ane t s  i n  

a planetary system but  are rather individual  planets - like 
objects f l o a t i n g  in s 

which w e  not m e m b e r s  

" , . 
A .  
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. 3 ,  of our own planetary system w i l l  be excluded f r o m  our 

i present  discussion. 
t he  present  paper may represent  tho first attempt t o  d i s c u s s .  e 

quan t i t a t ive ly  their nature  and frequency d i s t r i b u t i o n  i n  
space. N a t u r a l l y  t he  r e s u l t  de r ived  here should be regar 
as t en ta t ive .  B y '  present ing t n i s  r e s u l t  however t he  
author  tr$s t o  focus t h i s  problem'and i n v i t e s  fu r the r  
discussions on t h i s  i n t e r e s t i n g  subject .  

must have evolved from a r o t a t i n g  disk of gases and dust. 
T h i s  expla ins  t h e  near ly  circular orb i t s  of p lane ts .  There- 
fore i n  order t o  f i n d  the  frequency of planetary systems in 
space, w e  should inves t iga te  how a r o t a t i n g  disk of gases aa 
dus t  may be formed around a star. 
problem of r o t a t i n g  star's. 

spectral types (0 ,  B, A) show s ta t i s t ica l ly  high ro t a t ion .  
But r o t a t i o n  stops q u i t e  abruptly a t  F5. Few main-sequenc 
stars later than F5 t h a t  are not components of b ina r i e s  
rotate w i t h  equa to r i a l  v e l o c i t i e s  t h a t  are etectable w i t h  

I t  has therefore been speculate d t h a t  the  missing 
t h e  present  means of observation. 

angular  momentum of late-type main-sequence stars may be 
absorbed in the planetary systems that  are associated w i t h  
these stars. For we  see no reason why angular momentum of 

can then be raised: Why do t h e  early-type stars keep t h e i r  . 
angular  momentum i n  stars themselves, w h i l e  the hte- t j rp  S%kWS ' 

. keep their angular momentum in planetary systems2 The a n s W 8 1 p  

obviously l ies  i n  the  braking mechanism of stell& ro ta t ion .  
The braking mechanism transfers angular momentum outward 

medium acquired the angular momentaam, it collapses into a . . ' a  

disk  fromwhich a planetary system rnaY be fOrxaed. 

Hence, f o r  planetary systems themselves , . :  . .  

Most s c i e n t i s t s  now agree that our planetary system 

This br ings  us to  t h e  

6 S t r u v e b  discovered t h a t  main-sequence stars of earl  

7 .  
' 

' s t e l l a r  material should have a d iscont inui ty  a t  F5. Ques 

: . 
* -  

a .. 
4 from stars t o  the  surrounding medium. When the  surrounding 

h 195 . .  

. however we didn ' t  have a n  e f f e c t i v e  braking ne 
. .  
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t ranspor t ing  angular momentum outward. 
f u r t h e r  study w a s  made along t h i s  l i n e  of reasoning. 

In the  intervening years  w e  have witnessed many 

Consequently, no 

, . successful  theories which a l l  require  t 
- I  starsmust have s t rong  magnetic a c t i v i t i e s .  These theories 
have been summarized elsewhere!; !,As a r e s u l t  of these 
theories, w e  now have a good magnetic 
s te l lar  r o t a t i o n . w l 1  these recent  developments induce 
the  present  author  t o  undertake once more a study of the  
r e l a t i o n s h i p  between stellar r o t a t i o n  and planetary system 
formation. 

In making t h e  s tudy,  w e  have assumed t h a t  three 
components of t he  angular momentum per u n i t  stellar material 
is d i s t r i b u t e d  according to  t h e  Gaussian error curve. This 

' . . .  assumption is based on t h e  result of statist ical  s t u d i e s  of 
observat ional  data by Struve and the p 

. examining t h e  observed r o t a t i o n a l  behavior of stars i n  
d i f f e r e n t  s p e c t r a l  types we  can estimate not only t h e  degrees 
of braking that stars have suffered b u t  also the o r i g i n a l  . 

d i s t r i b u t i o n  of angular momentum per u n i t  mass of pre - s t e l l a r  
condensations V6he most probable va 
per u n i t  mass of pre - s t e l l a r  ' condensat 
Main-sequence stars of s p e c t r a l  types 0 ,  B and A have been 
s l i g h t l y  braked. 

. .  

'' 

. braked near ly  t o  rest. 
Those of s p e c t r a l  types G, K and Af have been 

The braking of stellar r o t a t i o n  s 
of t ranspor t ing  angular momentum outw 
momentum is absorbed in tt;= czrmunding medium that may be 
the  remnant of star  formation. Hence, t h e  missing angular 

$momentum i n  t h e  star  must be s tored  i n  the  surrounding medium. 
A f t e r  acquir ing t h e  angular momentum the'latter w i l l  i nev i t ab  
co l l apse  i n t o  a r o t a t i n g  gaseous d isk  

sys tem w i l l  emerge as a r e s u l t  of local condensations -- a 
- t o p i c  t h a t  has been extensively discu 

the  formation of our own solar system. 

.. - 3 -  
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We have discussed the t ranspor t  of angular momentum from ,. jj i -  
- t h e  star t o  t h e  surrounding medium. A quest ion may be . . f [  
. raised: Is there a1ways.a medium surrounding the  newly formed . 

star? I n  the first place most inves t iga tors  on t h e  o r i g i n  
of t h e  solar sys t em assumed a s o l a r  nebula as a remnant of 
formation of the  sun. S imi la r ly ,  w e  may pos tu l a t e  t h a t  a 
s i m i l a r  remnant is there i n  any newly formed star. 
a more fo rce fu l  reason for t h e  e x i s t e n c e  of such a medium i 
t h e  fact t h a t  r o t a t i o n  of main-sequence stars has been braked.. 
For without such a medium i n  the  immediate neighborhood the. 
star cannot d i s s i p a t e  its angular momentum e f f e c t i v e l y  even 
by magnetic means. Most p a r t i c l e s  t h a t  have been ejected 
along magnetic l i n e s  of force  from t h e  star w i l l  eventual ly  
r e t u r n  t o  the  star without los ing  t h e i r  angular momentum, i 
nothing on their way absorbs the  momentum. This s i t u a t i o n  
may be compared w i t h  t h e  geomagnetic f i e l d .  High energy 
charged p a r t i c l e s  s p i r a l  back and fo r th  along the magnetic 
l i n e s  of force i n  t h e  Van Allen be l t  but  they do not  dissip 
t h e  angular momentum of the  earth's a x i a l  r o t a t i o n .  

* 

Bowever, 
: : ,  

' 

Since w e  have determined from empirical data t h e  d i s t r i  
but ion of angular momentum per u n i t  mass of p re - s t e l l a r  . . 

condensations as w e l l  as the degree of braking of stellar 
r o t a t i o n  i n  each spectral t y p e ,  we can immediately f i n d  t h e  

: d i s t r i b u t i o n  of t o t a l  angular momenta i n  var ious planetary .. 

sys tems.  To simplify t h e  descr ipt ion of a planetary s y s t e m ,  
w e  may define the "equivalent planet" as a f i c t i t i o u s  p lane t  
' t h a t  possesses the t o t a l  mass and t o t a l  angular momentum of 
t h e  e n t i r e  piaiietGy syatez. Hence: the  dynamical property 
of a planetary system may be roughly (though not completely) 
def ined by t h e  mass and its locat ion of the  equivalent planet.  
~n t h i s  way the d i s t r i b u t i o n  of v a r i e t i e s  of planetary wste 

ve r sus  a diagram where m and a represent  respec t ive ly  

. .  

, 

- 

- '*, 

. 

may be represented by the d i s t r ibu t ion  of po in t s  on the xu , C '  

. .  t h e  m a s s  and t h e  orbital  r ad ius  of t h e  

, each system. 
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For stars of t h e  solar and later s p e c t r a l  types,  a l l  ' 
a n w l a r  momentum t h a t  w a s  previously contained i n  the  pre- 
s te l lar  condensations 'is now s tored  i n  the planetary s y s t e m  
Accordingly, w e  can p l o t  t h e  d i s t r i b u t i o n  of equivalent  
p l a n e t s  i n  the  m versus  a diagram. For stars w i t h  mass .. 
equal t o  1 solar m a s s ,  t h e  most probable place t h a t  the  
equivalent  p l ane t s  may be located is near t h e  c e n t r d l i n e  
i n  Figure 1. The chance of f inding them decreaseas w e  
go away from these most probable locat ions.  
t h e  equivalent  p lane ts  should l ie  between two l i n e s  marked 
by 50%. S i m i l a r l y ,  i n  98% of cases ,  t he  equivalent  p l ane t s  . 

should l i e  between two l i n e s  marked by 98%. Therefore, it 
is i n t e r e s t i n g  t o  note that t h e  equivalent p lane t  corresponding 
to our own planetary s y s t e m  l i e s  s l i g h t l y  below the  lower 50% 
l i n e  and is wi th in  the expected region. 

A t  t h i s  po in t  we may i n q u i r e  what w i l l  be t h e  effect 
on the equivalent p lane t  of OUT own s y s t e m  as a r e s u l t  of 
m a s s  d i s s ipa t ion  before the  p lane ts  were formed from the gaseous 
disk. 
during the mass d i s s ipa t ion  s t age ,  t h e  angular momentum of 
s y s t e m  would be s l i g h t l y  less than t h e  most probable value. 
But during t h e  mass dissipation stage some angular momentum 
may have been los t ,  though unl ikely i n  any large amount bec 
only those particles w i t h  s m a l l  angular momenta can e a s i l y  
escape. Consequently, w e  may conclude t h a t  our planetary s 
is a normal one for the  solar type stars. I n  other words; 
most solar-type stars are expected, according to  t h e  present  
t neo ry ,  to z;ossesc slmilar planetary systems.  

sun,  the corresponding m versus a diagram fo r  equivalent 
p l a n e t s  can be obtained by s h i f t i n g  the  e n t i r e  diagram 
v e r t i c a l l y  by an amount of 4 log (ma/Ma), where b! is the  mass 
of star. 
smaller than o r  nearer  t o  the  c e n t r a l  star than do the  planets'  

f n  50% of cases, 

, 

If t h e  angular momentum were s t r ic t ly  conserved 

I t  may be mentioned t h a t  f o r  s tars  less massive than tne 

Eence, s ta t is t ical ly ,  t h e  p lane ts  may be either 
. ' 

i n  the solar 
. ,  

< 

system, If so, the 

- . 5  

chance 
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those  p l ane t s  may be reduced. For s m a l l  p l ane t s  w i l l  have a 
I .  . t 

i 
I *  

. ^  d i f f i c u l t y  t o  maintain the  necessary atmosphere for suppor t ing .  
l i fe  w h i l e  p l ane t s  near t o  the c e n t r a l  star w i l l  s u f f e r  a 
l a r g e  t i d a l  force whose synchronizing effect on rotation and 
revolu t ion  may cause extreme temperatures i n  two hemispheres 
of t h e  p l ane t s  t h a t  a r e . n o t  congenial t o  life. . 

For t h e  early-type staxs the braking of rotation is 
not coiaplete. 
behavior of stellar r o t a t i o n  tfie maximum amount of braking. 
F r o m  t h e  lat ter w e  can c a l c u l a t e  t h e  maximum amount of angu 
momentum of the  planetary systems t h a t  are associated wi th  
these stars. A s i m i l a r  m versus a diagram like Figure 1 
can thereby be drawn. 
upper l i m i t  of equivalent  p lane ts  may be represented by a 
l i n e  near ly  coinciding w i t h  t h e  lower 50% l i n e  in Figure 1. 
The m o s t  probable pos i t i ons  for t h e  equivalent p l ane t s  are 

'near  t h i s  upper l i m i t .  F r o m  t h i s  study w e  expect t h a t  main- 
s e q u e n b  e a r l y  type stars can a l so  possess planetary systems. 
However, because of high temperatures of these stars, Jovian- 
l i k e  p l ane t s  associated w i t h  them may be farther away f r o m  the 
c e n t r a l  s ta r  than are t h e  Major planets  of our own sys tem f r o m  
t he  sun. 
l o w  temperatures t o  incorporate  hydrogen and helium i n t o  
condensations t h a t  are t o  become Jovian-like planets!&Eence, 

. . .  

Eence, we can estimte f r o m  t h e  observed 
, . 

For a B5 star w e  have found t h a t  t h e  . 

, 

, This is predicted on t h e  assumption t h a t  it needs 

the planet- l ike objects that may be f l o a t i n g  in  interstellar ( i .  

- .  
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